n Feature Article
I nfection is one of the most devastating complications following total knee arthroplasty (TKA), occurring in 1.55% of patients with Medicare within the first 2 postoperative years and a further incidence of 0.46% between postoperative years 2 and 10.
1 According to data collected from the Nationwide Inpatient Sample database between 2005 and 2006, infection was the most common reason for revision, accounting for 25.2% of cases. 2 Prosthetic total joint infections are classified into 4 categories: positive cultures following revision (type I), acute infection within 30 days of index arthroplasty (type II), acute hematogenous infections (type III), and chronic infections (type IV). 3 Type III infections are particularly difficult for patients because they often occur in a previously well-functioning prosthesis. Risk factors include a previous invasive procedure or infection remote to the prosthesis and patient-and componentrelated characteristics. [3] [4] [5] Diagnosing acute prosthetic joint infection is established by patient history, physical examination, and select laboratory testing, including aspiration, C-reactive protein (CRP), and erythrocyte sedimentation rate (ESR). [6] [7] [8] [9] Treatment options vary, including antibiotic suppression, irrigation and debridement with insert exchange and retention of components, resection with or without reimplantation, arthrodesis, and amputation. 10 The treatment of periprosthetic infection through irrigation and debridement with insert exchange is an attractive option because it allows for joint debridement without the associated morbidity and cost of resection. This has shown mixed results, with success rates ranging from 23% to 71%. [11] [12] [13] Indications for such an intervention include type II or III infections, well-fixed and functioning prostheses with no sinus tract, susceptible gram-positive organisms, and no radiographic evidence of loosening. Multiple variables associated with success, including the duration of infection, have been identified. 11, 12, [14] [15] [16] [17] In current practice, the best source for infection duration is the subjective patient history, which may be unreliable. An objective measurement of infection duration obtained at the evaluation could be useful in predicting success and, therefore, proper candidate selection for prosthetic joint salvage.
Although the roles of CRP and ESR have been established in the diagnosis of total joint infection, the predictive abilities of such markers for the success of treatment have not been evaluated. Because CRP and ESR levels undergo characteristic elevations following inflammatory insult in a kinetic fashion, it is possible that they may be used as proxies for the duration of infection. 18, 19 The purpose of the current study was to determine whether these laboratory values are predictive of the success of irrigation and debridement with insert exchange with component retention in the treatment of an acutely infected TKA.
Materials and Methods

Patient Selection
Following institutional review board approval, a retrospective review of the total joint registry at the authors' institution identified 287 surgical procedures in 259 patients for isolated irrigation and debridement with insert exchange for a diagnosis of infected TKA. The diagnosis of acute hematogenous infection was made at the discretion of the operating surgeons based on patient history, clinical evaluation, joint aspiration cell count and differential, inflammatory marker laboratory studies, and culture results obtained by aspiration or intraoperatively.
The study period was between January 1, 1995, and December 31, 2010. All surgeries were performed at a single academic tertiary care institution. Patients were excluded if they did not have ESR, CRP, or WBC studies drawn within 48 hours of surgery; had undergone previous revision; had been diagnosed with infection within 3 months after the index TKA; and had less than 1 year of follow-up. A total of 69 patients (72 knees) met the inclusion criteria. Three patients underwent bilateral irrigation and debridement with insert exchange; 2 of these patients underwent simultaneous bilateral surgery and 1 underwent irrigation and debride- The total joint database the authors used has aided clinicians in prospectively following all patients who have undergone total joint arthroplasty at the authors' institution since 1969. The database includes patient demographics, date of the last evaluation, implant used, whether the implant was removed, reoperations, and complications. Patients are scheduled for regular clinic evaluations at 1, 2, and 5 years following arthroplasty and every 5 years thereafter. If patients are unable to attend their clinic visits, a comprehensive questionnaire is routinely sent to them by the total joint database staff, and radiographs are requested.
Variables of Interest
Patient charts were reviewed for WBC, CRP, and ESR laboratory values drawn within 48 hours prior to irrigation and debridement. Surgical and clinical notes were also reviewed for subsequent operations and the interval from symptom onset to surgical intervention.
Statistical Analysis
Dichotomous variables are presented as counts with percentages. Continuous data variables underwent testing for normality using the Shapiro-Wilk test using an alpha threshold of 5%. Normally distributed continuous data variables are reported as means with SD. Nonnormally distributed continuous data variables are reported as medians with interquartile ranges (IQR) (25th to 75th percentiles). Student's t tests were used to compare the continuous variables between the group that was successfully treated and that which failed. The failure rate of irrigation and debridement with insert exchange was calculated using Kaplan-Meier survivorship analysis, and the association of potential risk factors with TKA failure was evaluated using Cox proportional hazards regression. All potential risk factors were analyzed univariately; multivariable analysis was undertaken to examine the effect of the variables that were significant on univariate analysis after adjusting for other factors. All statistical tests were 2-sided, and P values less than .05 were considered statistically significant. All analyses were conducted using SAS version 9.2 software (SAS Institute, Inc, Cary, North Carolina), and R version 2.14 software (R Foundation for Statistical Company, Vienna, Austria).
results
The most common diagnoses at the index arthroplasty were osteoarthritis in 37 (51.4%) patients and malalignment in 16 (22.2%). Four (5.5%) patients with remote septic arthritis or degenerative joint disease secondary to septic arthritis were included because index infections were determined to be resolved at the time of index arthroplasty. All patients underwent TKA, except for 1 patient who underwent unicompartmental knee arthroplasty (Table 1) .
Microbial growth was observed in 60 (83.3%) patients from either aspiration results or deep cultures obtained at the time of surgery. Two (2.8%) patients failed to have aspiration or deep cultures return results but had positive urine or blood cultures that guided antimicrobial therapy. Ten (13.9%) patients had no microbial growth and were declared to have a culture-negative infection. The 2 most commonly identified organisms were methicillin-sensitive Staphylococcus aureus in 12 (16.7%) patients and coagulase-negative Staphylococcus in 7 (9.7%) patients (Table 2) .
During the collection period, no formal treatment protocol was used for acute hematogenous infections. Two patients underwent planned serial debridement with the placement of antibiotic cement beads, which were removed at the time of final debridement and polyethylene insert exchange. Planned return to the operating room was not considered failure of treatment. The remaining patients underwent single-stage irrigation and debridement with insert exchange and component retention. Failure of irrigation and debridement with insert exchange, defined as an unplanned return to the operating room for treatment of infection, occurred in 20 (27.8%) of the 72 surgical procedures; of those, 17 (85%) underwent resection, 1 (5%) underwent amputation, 1 (5%) underwent single-stage reimplantation, and 1 (5%) underwent repeat irrigation and debridement with insert exchange. Median time to failure was 302 days (IQR, 25%-75%; range, 78-554 days). Overall Kaplan-Meier survivorship analysis with cumulative probability of failure is shown in Figure 1 .
The remaining 52 successfully treated patients were followed for a mean followup of 41.2 months (IQR, 25%-75%; range, 27.6-71.8 months). Of these patients, 5 (9.6%) underwent surgery unrelated to the infection, including 2 revisions for instability, 1 for periprosthetic fracture, 1 conversion from unicompartmental arthroplasty to TKA for progressive degeneration, and 1 for hematoma evacuation following irrigation and debridement (Table 3 ).
The average age of patients who failed was 68.9610.2 years compared with 72.568.6 years in the successfully treated group (P5.09). The median interval from the index arthroplasty to irrigation and debridement was 30.0 months (IQR, 25%-75%; range, 12.3-87.3 months), with a median of 32.7 months (IQR, 25%-75%; range, 13.7-90.7 months) in the successful group compared with 21.6 months (IQR, 25%-75%; range, 9.9-84.7 months) in the failure group (P5.32).
Interval from symptom onset to surgery was identified through medical record review in all but 3 patients. Median time from symptom onset to surgery was 3 days (IQR, 25%-75%; range, 2-6 days). Patients who failed irrigation and debridement had a median of 3.5 days of symptoms preoperatively (IQR, 25%-75%; range, 1-10.75 days), whereas those who were successfully treated had a median of 3 days (IQR, 25%-75%; range, 2-5 days) (P5.09). Kaplan-Meier survivorship analyses by duration of symptoms using both 2 and 7 days as the cutoff points are as shown in Figures 2 and 3 .
Of the laboratory values examined, the median WBC in successfully debrided patients was 10 to surgery was a significant predictor of failure, a multivariable analysis of WBC, CRP, and ESR in conjunction with days of symptoms was performed. However, this additional analysis revealed no statistically significant associations (Table 5) .
discussion
Prosthetic joint infection is a devastating complication. Although irrigation and debridement with insert exchange has had variable success in the literature, ranging from 23% to 71%, it remains an attractive treatment option and is frequently performed in patients who meet the appropriate criteria. [11] [12] [13] Despite its appeal, certain patients will fail this modality. These individuals require further interventions, incur additional costs, and have prolonged treatment durations and potentially compromised outcomes, all of which underscore the importance of identifying patients who are at the greatest risk for irrigation and debridement failure. 20 Previous studies have identified factors associated with success, recognizing timing of intervention as one of the most important factors. 11, 12, [14] [15] [16] [17] This is supported by the current results, which identified interval from symptom onset to surgical intervention as a continuous variable associated with treatment failure. The current study also evaluated the use of CRP and ESR levels as proxy markers for the duration of infection, and, therefore, are predictors of success. Although CRP and ESR levels are well recognized for the diagnosis of infection, they cannot be used to predict irrigation and debridement success based on the results of the current study.
In addition to infection duration, many other factors have been identified in the success of irrigation and debridement with insert exchange, including host factors, infecting organisms, antimicrobial resistance, and radiographically wellfixed prosthesis with no evidence of osteitis. 11, 12, [14] [15] [16] [17] These variables reflect potentially confounding factors in this study. The variability of infecting organisms and patient numbers limited the current authors' ability to effectively evaluate the role of infecting organisms and microbial resistance on outcomes. In addition, radiographic evaluation and host comorbidities were not included in the data collected. Further limiting this study are the flaws inherent in a retrospective design. Some variability also existed within the study group because 1 patient underwent unicompartmental knee arthroplasty opposed to TKA. Additional variability existed within the treatment: 2 patients underwent planned staged irrigation and debridement with insert exchange, whereas the remainder underwent a single-stage procedure. Furthermore, preoperative antibiotic administration and postoperative treatment and suppression were not accounted for in the current analysis. However, all patients had antimicrobial therapy directed by orthopedic infectious disease specialists. Finally, the numbers of patients who met the study criteria were limited, raising the possibility of a type II beta error.
Both CRP and ESR function in a kinetic fashion, with CRP increasing more rapidly than ESR. Despite the kinetic fashion in which CRP and ESR act, no reliable correlation seems to exist between duration or severity of infection and their levels. C-reactive protein and ESR values have limitations in this application, the most notable being their lack of specificity because they can be elevated in a multitude of acute and chronic conditions. 19 In addition, CRP and ESR measurements have known age, sex, and racial variations and do not follow a normal distribution in the population, which limits their function as prognostic indicators. 19 Erythrocyte sedimentation rate can further be affected by medications, anemia, and polycythemia, and it is a reflection of many plasma proteins, not all of which are acute-phase reactants. 19 Finally, although concentra- tions of acute-phase reactants often increase in concert, they may not do so in a uniform way from one patient to the next and from one condition to another. 18 The cytokine interleukin-6 has generated interest in the diagnosis of infection as being more reliable, although its expense and lack of standardization currently make it a less attractive option. 9, 19, 21 Interleukin-6 is thought to change more rapidly and to a greater degree than CRP, which may make it more sensitive in early infection detection. However, it also is a nonspecific marker and can be elevated in response to chronic and acute inflammation for various conditions. 19 Perhaps its unique properties may make it a more useful predictor for the success of treatment in the future.
In the failure group, 10 (46%) patients went more than 1 year without reoperation, and 4 went beyond 2 years, with the longest interval between irrigation and debridement with insert exchange and failure approximately 4 years. Also, of the 22 failures, 7 (32%) patients grew distinctly different microorganisms at the time of the second surgery. This is consistent with the results of Mittal et al 22 in their review of patients undergoing 2-stage surgery. They reported that of the 9 patients failing, 5 (56%) had different organisms at the time of the second operation. 22 This finding of the current study raises the question of whether this was truly a failure of the initial irrigation and debridement or whether it represented a new infection. The implication is that these patients were an increased risk for infection based on their host status. However, this assertion cannot be confirmed with the current analysis.
Further supporting the role of host factors in the success of irrigation and debridement is the finding regarding patient age. Although it did not achieve statistical significance, patients who failed were younger, on average, than those who were successfully treated. Theoretically, younger patients should have more robust immune systems to defend against infection. Thus, this finding is somewhat counter-intuitive and may reflect a blunted immune response which predisposed these individuals to treatment failure.
conclusion
Knee arthroplasty infection remains a difficult problem for surgeons and patients. Despite advances in the diagnosis of infection, treatment remains humbling. Currently, surgeon evaluation and patient history are the best predictors for the success of prosthetic joint salvage. In the future, through the development of new methods, the refinement of current laboratory studies or progress in rapid microbe identification, such as PCR, more objective markers may be found to better predict outcomes for prosthetic joint salvage.
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